ABSTRACT purpose. To assess the monthly rates of infection of individual pin sites in 7 patients during distraction osteogenesis. Methods. Five men and 2 women aged 15 to 35 (mean, 23) years underwent distraction osteogenesis for 8 tibias using the Ilizarov ring external fixator or Taylor Spatial Frame. Patients were taught to perform standard daily pin site care at home, and were evaluated monthly for pin site infection by a single observer using a standardised grading system. results. Of 1334 observations made on 110 pin/wire sites, there were 83 (6%) pin site infections; 44 (3%) were grade 1 and 39 (3%) were grade 2. The risk of infection was higher at half pin than wire sites. The highest rates occurred in the distal segment. conclusion. Monthly evaluation of individual pin sites enables comparison between studies
introduction
The rates of pin site infection during external fixation have been reported to be 0.5 to 30%. [1] [2] [3] [4] Pin site infection may lead to premature removal of the external fixator and chronic osteomyelitis. 5 The risk of infection may be reduced with pin site care, 6, 7 including twice daily dressing with triple antibiotic ointment, 8, 9 weekly dressing with chlorhexidine, gluconate-impregnated polyurethane material, 10 and leaving the wounds exposed (the nihilistic approach). 11 Many studies on pin site infection were retrospective reviews and did not differentiate single from repeated episodes of infection. They usually reported percentages of patients with this complication. 4, 12 Prospective studies usually reported percentages of individual pin sites that were infected. 2, 3 This enabled comparison of different methods of pin site care (including the types of solutions for dressing). 13, 14 Pin sites that are infected only once differ from those that are infected repeatedly or for a long period. In 4473 observations of 212 pin sites, an infection rate of 4% was reported, and the rate was higher for half pins, but the interval between observations was not standardised (weekly initially and then 4 weekly). 11 We assessed the monthly rates of infection of individual pin sites in 7 patients during distraction osteogenesis.
Materials and Methods
This study was approved by the ethics committee of our hospital, and informed consent was obtained from each patient. Between January and December 2006, 8 patients (10 limbs) aged 15 to 40 years underwent tibial lengthening of >4 cm using the Ilizarov ring external fixator or Taylor Spatial Frame for malunion, nonunion, physeal arrest, or developmental deformity. One patient with both limbs lengthened was lost to follow-up and thus excluded. The remaining 5 men and 2 women aged 15 to 35 (mean, 23) years were followed up for 7 to 14 months. They achieved a mechanical axis within 1.5 cm medial or lateral to the midpoint of the knee, based on anteroposterior standing radiographs. Limb length discrepancy was corrected to <2.0 cm.
After induction of anaesthesia, all patients received a single dose of prophylactic intravenous cephazolin. Patients with pathology related to bone and soft-tissue infection received 3 additional doses of cephazolin at 8 hourly intervals. For wire fixation, 1.8-mm stainless steel smooth wires were drilled through both cortices and tensioned to 110 kg using a dynamometer. For half pin fixation, 5.0-mm stainless steel plain self-tapping Shanz screws were manually inserted into the bone pre-drilled with a 3.2 mm drill bit. All patients or their family members were taught to perform non-sterile (clean) daily dressing changes. 14 The tibia was divided into 6 levels (2 proximal, 2 middle, and 2 distal levels) for pin/wire fixation ( Fig.  1 ). 15 Patients were followed up weekly or twice weekly initially and then monthly until frame removal by a single observer. The severity of the pin site infection was graded according to the presence of purulent discharge, skin erythema, and radiological evidence of wire or half pin loosening.
14 Grade-1 infection indicated the presence of either purulent discharge or skin erythema, and dressings were increased to twice daily. Grade-2 infection indicated the presence of both symptoms, and oral cloxacillin for 7 days was given, as Staphylococci aureus was the most common causative organism. Radiographs were taken when infection persisted for >3 weeks (not responding to oral antibiotics). Grade-3 infection was inferred if there was radiological evidence of loosening. The fixation device was then removed ( Table 1) .
The number of pin site infections was divided by the total number of observations. The normal Z-test (one-tailed test) was used to test for differences between 2 proportions, and a p value of <0.05 was considered statistically significant. 
Grade Description
Grade 1 Presence of either skin erythema or purulent discharge Grade 2 Presence of both skin erythema and purulent discharge Grade 3 Grade 2 symptoms and radiological evidence of osteolysis at bone interface Table 2 ). The infection rate for half pin sites was 8.0% (37 out of 464 observations), whereas the rate for wire sites was 5.3% (46 out of 870 observations). The difference was significant (p=0.0265, one-tailed test, Table 3 ). The infection rate was significantly higher in the distal segment, especially for half pin sites (1% level of significance, Table 4 ).
discussion
The rate of pin site infection is expected to be close to 100% in terms of number of patients (rather than individual pin sites). 12, 16 In a randomised controlled trial of 24 patients, the infection rates were not significantly different between stainless steel pins with and without silver coating. 3 The infection rate per individual pin site was significantly higher when normal saline was used as the cleansing agent than chlorhexidine solution, 13 but there was no significant difference between normal saline and diluted povidone iodine.
14 These studies do not differentiate pin sites with single from repeated episodes of infections.
The definition of pin site infection varies between studies. There is no standardised validated grading system to facilitate comparisons. In a study examining 214 pin sites during pin removal, 42% were inflamed, 23% had loose anchorage, and bacteria were cultured 17 but 4 of the gradings (2 to 5) depended on response to some sort of intervention and were not useful for prospective assessments. A more popular grading system relies on more descriptions of the wounds and provides recommendations for management based on the grading, 18 but some of the assessments were subjective especially with regard to the presence of pain or tenderness in soft tissues. We used a grading system that was based on the presence of erythema, purulent exudation, and radiological evidence of osteolysis ( Table 1 ). The rate of pin site infection in our study was 6.2%, which is comparable to other studies with rates of 4 to 18%. 11, 13, 14 The overall rate of antibiotic use was low, which minimised the emergence of antibiotic-resistant microorganisms.
In our study, the rate of infection was higher at half pin sites than wire sites (p=0.029), although other studies report no such difference. 11, 13 The use of a half pin is recommended, as it provides better mechanical stability. In addition, each wire fixation has 2 wounds. The rate of infection was highest in the distal segment of the tibia, which differs from other study reporting the highest rates in wire sites of the proximal tibia.
11
Although there is less soft tissues and muscle around the distal tibia, this region is closer to the ground and more exposed to potential contaminants, particularly in the tropics where it may be uncomfortable to cover the affected limb and fixator frame. In which case, most patients would only cover the area with loose clothing.
The main limitation of this study was the small number of patients, largely because many patients preferred to be evaluated near their hometown rather than in our hospital.
